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The Clinical Characteristics of Lower Lumbar Osteoporotic Compression 
Fractures Treated by Percutaneous Vertebroplasty : 
A Comparative Analysis of 120 Cases 

Seok Han, Heung-Sik Park, Yong-Hun Pee, Seong-Hoon Oh, ll-Tae Jang 

Department of Neurosurgery, Nanoori Incheon Hospital, Incheon, Korea 

Objective: The purpose of this study is to provide accurate understanding of clinical presentations and surgical outcomes 
as well as to identify the unique characteristics of lower lumbar osteoporotic compression fracture (OCF). 
Methods: Clinical data were collected from 120 patients who had L3, L4 or L5 percutaneous vertebroplasty (PVP) performed 
from 2008 to 2012 at the single institute. L4 or L5 PVP patients were classified into group 1 and group 2 was for L3 PVP 
patients. Medical records were retrospectively investigated at 1 month after PVP. Long term follow-up results were obtained 
at a median value of 22 months after PVP. 

Results: 75% of the patients in group 1 were not associated with traumatic events, 71% presenting with leg radiating symp- 
toms and 46% requiring an additional decompressive surgery, more often than those in group 2. These differences are 
statistically significant (p<0.05). The short term medical record review demonstrated that only 73% of patients in group 1 
were ameliorated with regard to back motion pain, whereas those in group 2 reported 87.7% rates of amelioration in identical 
category (p<0.05). The long term follow up confirmed a significantly worse outcome in group 1, with only 55.7% of patients 
reporting amelioration in their pain or functional status, but 71.7% rate of amelioration in group 2. 
Conclusion: The OCFs at the L4 or L5 level have different clinical characteristics from those at upper levels of the lumbar 
spine. 
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There have been numerous studies evaluating the anatomi- 
cal distribution of vertebral fractures and consistently showing 
two prevalent peaks of vertebral fractures: the first one in 
the mid-thoracic spine region (T7/T8) and another one in the 
thoraco-lumbar junction (TLJ) 1 ' 3 ' 8 ' 17 ' 23 ' 27 '. In these previous 
studies, approximately 4% of thoraco-lumbar vertebral com- 
pression fractures occur at L4 level 1 ' 3 ' 8 ' 17 ' 23 ' 27 '. Furthermore, 
fractures of the 5* lumbar vertebra are quite uncommon, rep- 
resenting only 1.2% of overall spine fractures and 2.2% of 
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thoraco-lumbar fractures 9 '. On the other hand, according to 
the previous studies on percutaneous vertebroplasty (PVP) or 
kyphoplasty, the incidence of PVP at 13, L4 and L5 is about 
9-13%, 5-9% and 2-5% respectively of all their thoraco-lumbar 
PVP or kyphoplasty procedures 5 ' 18 ' 21 ' 28 ' 29 '. Therefore, the ap- 
proximate incidence of PVP at L3 is near to the sum of inci- 
dence of PVP at L4 or L5. As a result of performing over 
200 PVP cases for compression fracture at a single institute 
annually, the authors identified distinct characteristics, clinical 
presentations and surgical outcomes of patients with lower 
lumbar compression fractures (L4 or L5). 

As the pioneers, Deramond and Galibert reported their first 
seven procedures in 1987 10 ', and PVP has been used to man- 
age vertebral compression fractures 15 '. There also have been 
studies on the factor, fracture level in thoraco-lumbar spine, 
that influences the result of PVP with regard to back motion 
pain 2,11 ' 14 ' 25 ' 28 '. However, most previous authors did not sepa- 
rate the clinical features and surgical outcomes of patients 
with L3 compression fractures from those with L4 or L5 com- 
pression fractures 2,11 ' 13 ' 14 ' 18 ' 23 ' 24 ' 28 '. If the clinical feartures and 
the surgical outcomes of L3 fracture were significantly differ- 
ent from those of L4 or L5 fractures despite classifying 13, 
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L4 and L5 as the lower lumbar spine, those of 13 level fra- 
cture, almost half proportion of the lower lumbar spine fra- 
ctures, could make some confusion and ambiguousness in ana- 
lysing those of L4 and/or L5 level fractures. 

The authors retrospectively investigated our patients' data 
to elucidate whether those patients treated for L4 or L5 com- 
pression fractures by PVP were similar, in terms of demogra- 
phy, clinical features and surgical outcomes, to those treated 
for 13 fractures. We then reviewed the literatures to compare 
the surgical outcomes of patients with L4 or L5 compression 
fractures with those of patients with TLJ level fractures. The- 
refore, the purpose of this present study is to provide accurate 
understanding of clinical presentations and surgical outcomes 
as well as to identify the unique characteristics of lower lumbar 
osteoporotic compression fracture (OCF), which would enable 
physicians and patients to make more informed decisions 
about whether to perform the procedure and to develop more 
precise expectations of prognosis. 




Between October 2008 and July 2012, a total of 762 pa- 
tients with 948 symptomatic OCFs were consecutively treated 
with PVP at our single institution. PVP was performed be- 
tween T5 and SI (Fig. 1). All procedures were performed by 
the same team, who obtained a detailed and standardized 
history. Preoperative clinical data were collected retrospec- 
tively from the medical records and assembled in database 
by one of the authors (SH). There were 105 13 (11% of all 
procedures), 75/L4 (8%) and 46/L5 (4.8%) OCF patients re- 
spectively. Of these cases, the patients with multiple fractures 
were excluded for the level homogeneity. Hence, a total of 
120 patients (17 male and 103 female) were investigated, in 
which there were 57 patients with 13, 40 patients with L4 
and 23 patients with L5 OCFs respectively and they were 
all treated by PVP (no kyphoplasty). All patients demonstrated 
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Fig. 1 . Histogram demonstrating the distribution of affected verte- 
bral levels treated by percutaneous vertebroplasty. 



acute agonizing or chronic severe focal back motion pain, who 
did not respond to bed rest or analgesics at least for 2 weeks. 
Preoperative data included the presence or absence of pre- 
vious history of PVP or lumbar decompressive surgery, recent 
trauma history prior to occurrence of acute compression frac- 
ture, leg radiating symptoms and value of bone mineral den- 
sity (BMD). Not every medical record included documentation 
of BMD value. Postoperative data included some information 
about the presence or absence of cement leakage, subsequent 
fracture and additional lumbar decompressive surgery. On post- 
PVP plain images and magnetic resonance imaging (MRI), a 
single observer determined whether there was cement leakage 
or not. We also measured preoperative and postoperative (6 
mo. after PVP) vertebral body compression ratio by calculat- 
ing the height of anterior-posterior (AP) vertebral wall ratio 
on the lateral radiography 19 '. Therefore, a smaller AP ratio 
implies a greater degree of compression or wedge deformity. 
Initially, the data from L5 OCF patients were compared with 
those from L4 OCF patients by use of chi-square statistics 
and Students t-test (p<0.05). Thereafter, the patients with L4 
or L5 OCFs were grouped (group 1) and they were compared 
with those with 13 OCFs (group 2) for the insignificant varia- 
bles from initial comparisons. The out-patients follow-up in- 
terview and examination were performed at 1 month after 
PVP. The postoperative back motion pains and leg symptoms 
were graded by the operating surgeons as improved, un- 
changed or worse. In addition, long-term follow-up data were 
obtained via telephone interview in 105 (87.5%) of 120 pa- 
tients at a median value of 22 months (range, 2-47 mo.) after 
PVP. Telephone interviews were performed by a third party, 
who was blinded and not involved in the treatment. The pa- 
tients' preoperative economic and functional statuses were 
compared with their current statuses using Prolo economic 
and functional grading scale 22 ' (Table 1). Patients were deter- 
mined to have an improved score if either their economic 
or functional status, such as house-working or daily living acti- 
vities improved after PVP or to have a worse score if either 
status was worse after PVP. Furthermore, an additional long- 
term outcome of leg pain was graded by patients as improved, 
unchanged or worse. 




There was no statistically significant difference in incidence 
of multiple fractures between 13, L4 and L5, which were 46% 
47%, and 50% respectively (p>0.05). 

The characteristics of 63 patients with single level L4 or 
L5 OCF are listed in Table 2. In the previous PVP histories, 
there was statistically significant difference between L4 and 
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Table 1 . Prolo economic and functional rating score 

Score Description 

Economic status 
El Complete invalid 

E2 No gainful occupation (including ability to do 

housework or continue retirement activities) 

E3 Able to work but not at previous occupation 

E4 Working at previous occupation on part-time 

or limited basis 

E5 Working at previous occupation with no restriction 

of any kind 

Functional status 
Fl Total incapacity (or worse than preoperative) 

F2 Mild to moderate level of low back pain and/or 

sciatica (or pain same as preoperative but able to 
perform all daily tasks of living) 
F3 Low level of pain and able to perform all activities 

except sports 

F4 No pain, but has had one or more recurrences 

of low back pain or sciatica 
F5 Complete recovery, no recurrent low back pain, 

and able to perform all previous sports activities 



Table 2. Summary of patient characteristics (L4, L5) 
Level of fracture 



n — p " 

23 



No. of fractures 


40 


23 




Age (yr) 


73.9±8.5 


70.4±7.6 


NS* 


No. male 


5/40(13%) 


3/23(13%) 


NS 


Previous PVP 


5/40(13%) 


8/23 (35%) 


<0.05 


Compression ratio 


91.8±12.7% 


101 ±15.8% 


NS 


(pre OP) 








Previous lumbar 


6/40(15%) 


3/23(13%) 


NS 


surgery 








Trauma history 


10/40(25%) 


6/23 (26%) 


NS 


Leg radiating 


29/40 (73%) 


16/23 (70%) 


NS 


symptom 






NS* 


BMD (mg Ca-HA/ml) 


46.4±22.6 


45.0±21.3 


Compression ratio 


93.6±13.5% 


100+15.0% 


NS* 


(6 month) 








Cement leakage 


1 7/40 (43%) 


9/23 (39%) 


NS 


Subsequent fracture 


8/40 (20%) 


6/23 (26%) 


NS 


Further lumbar 


18/40 (45%) 


11/23(48%) 


NS 



surgery 

NS: not significant, BMD: bone mineral density, OP: operation. 
Students t-test. 



L5 (p<0.05) as well as 13 and L5 OCFs (p<0.05). In analysis 
of the medical chart review and follow up interview on the 
telephone, there was no statistical difference in postoperative 
back motion pain, leg radiating pain and functional or eco- 
nomic status between L4 and L5 OCF patients (p>0.05). 56% 
(13/23) of L5 OCFs and 30% (12/40) of L4 had not anterior 



Table 3. Summary of patient characteristics (L4+L5, L3) 





Level of fracture 






L4+L5 


L3 


p-value 


No. of fractures 


63 


57 




Age (yr) 


72.6±8.3 


71.7±9.1 


NS* 


No. male 


8/63(13%) 


9/57(16%) 


NS 


Compression ratio 
(pre OP) 


95 2+14 5% 


81 7+16% 


NS* 


Previous lumbar 


9/63(14%) 


9/57(16%) 


NS 


surgery 
Trauma history 


16/63(25%) 


28/57(49%) 


<0.05 


Leg radiating 


45/63 (71%) 


24/57(42%) 


<0.05 


symptom 






NS* 


BMD (mg Ca-HA/ml) 


45.9±21.9 


46.3+18.0 


Compression ratio 
(6 month) 


96.2+14.3% 


81 ±16.6% 


NS* 


Cement leakage 


26/63(41%) 


16/57(28%) 


NS 


Subsequent fracture 


14/63(22%) 


6/57(11%) 


NS 


Further lumbar 


29/63 (46%) 


9/57(16%) 


<0.05 


surgery 









NS: not significant, BMD: bone mineral density. 
Students t-test. 



wedge deformity but biconcave or uni-concave deformity at 
middle vertebral body portion. 

The characteristics of group 1 were compared with those 
of group 2 except the sole significant variable (previous PVP) 
from initial comparison at Table 3. The causes of leg radiating 
pain were mostly combined with intra-canalicular stenosis, disc 
herniation or partly the encroachment of corresponding inter- 
vertebral foramen by height loss due to compression fractures. 
Not all the cases with leg radiating pain required further lum- 
bar decompressive surgery. In group 1, 64% (29/45) of cases 
with leg radiating symptoms needed further decompressive 
lumbar surgery, whereas 38% (9/24) of cases did in group 2. 
There were 5 patients who required the foraminal decompre- 
ssion surgery by paraspinal approach or fusion surgery during 
or after PVP in group 1 (2 patients with L4 OCF and 3 patients 
with L5 OCF), in which functional or economic status of 4 
patients (80%) was improved and 3 patients (60%) showed leg 
radiating pain improvements on the long-term follow up inter- 
views. However, all further lumbar surgeries were performed 
for the combined intracalicular pathologies, such as lumbar 
disc herniation or lateral recess stenosis in group 2. There 
were trends toward the higher frequency of cement leakage 
and needs for further PVP due to subsequent fractures in 
group 1 compared with those in the group 2 (41% versus 28% 
22% versus 11% respectively), however these did not reach 
statistical significance (p>0.05). Fig. 2 showed clinical success 
rates using Prolo scale and there was statistically significantly 
worse long-term outcome in group 1 (p<0.05). Only 56% pa- 
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Back Pain (Record vs. Current) 

p<0.05 between the 2 groups 

50 ■ improved 

(88%) ■ unchanged 



(73%) 
















. . worse 




















38 
(72%) 












29 
(56%) 


















17 
(27%) 


0 


1 


21 
(40%) 


(4%) 


1 


(10%) ( 
■ (2%) 


1 


10 

«N 5 
■ (9%) 



I I I 

Back Pain Current Status Back Pain Current Status 



Group 1 Group 1 Group 2 Group 2 

Fig. 2. Comparison of the short term results of back pain based 
on medical records and long term results from current status thro- 
ugh telephone interview 

tients showed improvement in economic or functional statuses 
in group 1, but 72% in group 2. There was no change of 
statuses in 40% of group 1 patients after PVP, on the contrary 
to those in 19% of group 2. The additional long-term follow 
up results for leg pain were illustrated in Fig. 3. Meanwhile, 
the long-term follow up results of patients with leg radiating 
symptom in group 1 showed leg pain improvements after fur- 
ther decompressive lumbar surgery in 50% (13/26) patients, 
whereas 27% (3/11) patients were improved without addi- 
tional decompressive surgery. In group 2, 56% (5/9) patients 
with leg pain were improved after further decompressive lum- 
bar surgery, on the other hand, 38% (5/13) patients showed 
improvement without additional decompressive lumbar sur- 
gery. However, there were no statistically significant differen- 
ces between the two groups (p>0.05). 




Osteoporotic vertebral compression fractures are not un- 
common disease in the elderly people and can manifest as 
severe pain, functional deterioration and limited mobility. 
Conventional treatments, such as bed rest, bracing, and phys- 
ical therapy, can result in frequent adverse effects. Further- 
more, osteoporotic vertebral compression fractures can cause 
serious complications during surgery as well as after surgery, 
such as vertebral reconstruction or fusion operation under 
general anesthesia. Therefore, PVP is considered the treatments 
of choice to relieve pain and to stabilize vertebrae. Although 
it has been reported that PVP has a lot of advantage, the 
patient population that is most likely to benefit from this pro- 
cedure is still uncertain 1 ' 13 ' 20 ', and there have also been inves- 
tigations on unfavorable outcomes and the levels of vertebral 



Leg Pain (Record vs. Current) 




1 1 1 — 

Leg Pain Leg Pain C Leg Pain Leg Pain C 



Group 1 Group 1 Group 2 Group 2 

Fig. 3. Comparison of the short term results of leg pain based on 
medical records and long term results through telephone interview. 

fractures as influencing factors 2 ' 11 ' 14 ' 25 ' 28 '. However, most of 
these studies included L3 level as lower lumbar spine 2,11 ' 14 ' 28 '. 
Ryu and Park 25 ' divided the fracture levels into four groups 
(upper and lower parts in thoracic and lumbar vertebrae re- 
spectively), and categorized L4 or L5 into lower lumbar verte- 
brae. However, their sample size was 215 patients with 383 
symptomatic OCF. Furthermore, their cases with lower lumbar 
fractures might involve many of cases with multiple fractures. 
Most of accompanying fractures would be at TLJ, and the 
excellent effects of PVP at TLJ were well known and self-evi- 
dent 2,5 ' 19 ' 25 ' 28 ' 29 ' 31 '. Therefore, the inclusion of cases with mul- 
tiple fractures can confuse the authentic outcomes of PVP for 
lower lumbar levels in spite of multivariate polytomous logis- 
tic regression analysis. Recently, the most notable determining 
factor during PVP is the concept of cemented vertebral body 
fraction (CVBF) 13 ' 20 '. To be achievable volume of intravertebral 
cement is becoming progressively larger as increasing the vol- 
ume of vertebral body in lower lumbar spine 20 '. Hence, the 
possibility to obtain an unfavorable outcome would also in- 
crease if an amount of cement was not decided in terms of 
the volume of fractured vertebra body and treated level. How- 
ever, the ideal needle placement of our procedure was at the 
anterior third of the vertebral body, and the end point of 
cement injection during PVP was when the cement reached 
the posterior quarter of the vertebral body or when significant 
leakage occurred as described by Jensen et al. 12 '. Therefore, 
CVBF alone cannot explain our poor result of PVP for L4 
or L5 compression fractures. 

The lower lumbar OCFs are unique in a number of ways: 
they are distinctly uncommon compared with fractures at TLJ 
levels and their symptomatology frequently occurs without 
any traumatic events, which is combined with leg radiating 
pain, and outcome after PVP is less satisfactory than that of 
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TLJ fracture cases. There have been few studies in which the 
features of lower lumbar spine fractures have been divided 
into 2 parts, (1) L3 fracture and (2) L4 or L5 fractures, and 
the characteristics of their clinical presentations and surgical 
outcomes have been compared each other. 

Our data indicate that L4 and L5 vertebral OCFs are differ- 
ent from those at the L3 level, and fractures at the L3 level 
are more similar to those occurring at TLJ. Therefore, the 
results of previously published reports on lower lumbar OCFs 
including a preponderance of 13 cases may mask the true 
features of L4 or L5 vertebral fractures. The origin of these 
differences is unclear, but those patients with L4 or L5 frac- 
tures may have their own spinal biomechanics which are dif- 
ferent from those with TLJ fractures. In orther words, L4-5 
and L5-S1 segments have been reported to bear the highest 
loads and to undergo the most motion in the sagittal plane 30 ', 
which means that it is resonable to seperate 13 from lower 
lumbar spine levels in this study. It is also supported by our 
findings that even though there were no statistical differences 
in demographic data and BMD between group 1 and group 
2, the group 1 had the significantly higher incidence of non- 
traumatic fractures than that of group 2. This different bio- 
mechanics may prevent these patients from achieving the typi- 
cal excellent outcome with regard to back motion pain experi- 
enced in PVP for TLJ fractures. Further clue to this unfavorable 
result of PVP for L4 or L5 compression fracture can be found 
in the previous literatures in which Almehed et al. 1 ' and El 
Maghraoui et al. 8) demonstrated and illustrated that compre- 
ssion severity was highest in the lower lumbar spine. Also, 
Alvarez et al. 2 ' insisted that favorable result of PVP could be 
expected in patients with the vertebral height loss less than 
70%. Their study revealed that PVP for patients with more 
than 70% vertebral height loss was technically difficult to 
place the needle safely into the vertebral body with a high 
incidence of cement leakage into disc space, and the complete 
relief was limited to less than 30% of patients 2 '. At last, our 
data demonstrated that group 1 had the higher incidence of 
cement leakage and rate of subsequent fracture than group 
2, which did not reach statistical significance. However this 
relatively higher rate of subsequent fracture at L4 or L5 level 
also may contribute to the unfavorable long-term outcome 
of PVP, which is also suggested by our data that the long-term 
outcome via telephone interview of group 1 patients could 
be obtained in 11 patients of 14 patients who experienced 
the subsequent fracture, in which only 3 patients (27%) had 
improvement of their functional or economic status. 

The pain relief mechanism of PVP is not clearly elucidated. 
Thermal 7 ', and chemical 26 ' mechanisms have been proposed, 
however increasing strength and stiffness may be the key ele- 
ments of its principle mechanism considering previous re- 



ports 4 ' 16 '. Chung et al. 6> used PVP for the treatment of severe 
leg radiating pain caused by lower lumbar OCF. They showed 
the excellent results in which all seven patients had experienced 
dramatic relief of leg radiating pain after cement injection 
into lower lumbar fractured body through the pedicle on the 
symptomatic side. Therefore, they concluded that PVP may 
be an effective modality of ameliorating leg radiating pain 
caused by OCF combined with foraminal stenosis through lo- 
cal stiffness mechanism However, they did not show the over- 
all incidence or outcome of this unique symptom by lower 
lumbar OCF. Furthermore, the outcome of PVP for leg radiat- 
ing pain was disappointing level (27-56% of amelioration rate) 
irrespective of further decompressive lumbar surgery in our 
data. They suggested the clinical characteristics of those pa- 
tients and described that objective evidence of radiculopathy 
was identified upon electromyography (EMG) or neurological 
examination. However, the radiculopathy caused by foraminal 
pathology is not confirmed by clinical symptom, EMG and 
neurological examination, but suspicious. Thus, the definite, 
widely acceptable and uniform criteria are necessary to confirm 
this unique symptom of lower lumbar OCF. 

The limitations of this study were that there was no detailed 
investigation on functional outcomes such as short form-36 
or Oswestry Disability Index, which should be necessary for 
making this study more valuable. However, the retrospective 
nature of this study was limited thorough investigation on 
their functional outcomes. Thus, we only investigated short 
term and long term postoperative Prolo scale as clinical out- 
come. It is not possible to fully devaluate the usefulness of 
PVP for L4 and L5 OCF according to the long-term follow 
up results of this study reporting over 50% improvement, 
which is not quite good results to compare with those of pre- 
vious studies 2 ' 5 ' 19 ' 25 ' 28 ' 29 ' 31 '. Therefore, the prospective rando- 
mized controlled clinical studies are needed to demonstrate 
whether PVP is effective at L4 or L5 level OCF and whether 
those level OCF may be a marker for progressive back pain, 
radiating pain and overall worse outcomes. 




The patients with L5 OCF patients treated by PVP were 
more likely to have had previous PVP, and the patients with 
L4 or L5 OCF were more likely to be non-traumatic, present- 
ing leg radiating symptoms and requiring an additional de- 
compressive surgery more often than L3 OCF group. The PVP 
outcome in terms of postoperative back motion pain is worse 
for compression fractures at L4 or L5 compared with those 
treated at 13 level. 
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